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Abstract— In this paper a new graph-theory and improved 
genetic algorithm based practical method is employed to solve the 
optimal sectionalizer switch placement problem. The proposed 
method determines the best locations of sectionalizer switching 
devices in distribution networks considering the effects of 
presence of distributed generation (DG) in fitness functions and 
other optimization constraints, providing the maximum number 
of costumers to be supplied by distributed generation sources in 
islanded distribution systems after possible faults. The proposed 
method is simulated and tested on several distribution test 
systems in both cases of with DG and non DG situations. The 
results of the simulations validate the proposed method for 
switch placement of the distribution network in the presence of 
distributed generation. 
Keywords- Distributed Generation (DG), Distribution Networks, 
Genetic Algorithm (GA), Reliability, Spanning Tree 
I.  INTRODUCTION  
Power system reliability is an important issue which draws 
attention of many researchers. Analysis of the fault rate in 
different sections of power systems indicates that the most 
important section in reliability assessment is the distribution 
networks [1]. Failure statistics show that medium-voltage 
distribution systems make the greatest contribution to the 
unavailability of supply to a customer [2]. This signifies the 
importance of reliability improvement in distribution 
networks.  
Reliability improvement in distribution systems can be 
achieved by implementation of protection and isolation 
devices such as circuit breakers, reclosers, and remote 
controlled switches. Sectionalizing and automatic switches 
play a significant role in modern automated distribution 
networks and are used to isolate the faulted areas when 
possible faults occur in the system, which results in reduction 
of customers outages. However, sectionalizing switches are 
comparatively expensive, and hence installing them in 
distribution systems will increase investment cost. It is 
necessary for system planners to optimize the placement of 
these switching devices according to possible investment 
while improving reliability indices. Considering the growing 
use of distributed generation (DG) in current and future power 
systems [3], it is important to consider the effects of DGs in 
distribution system analyses. It is essential to consider the 
impact of distributed generation sources in the distribution 
system reliability assessment. Finding appropriate locations of 
switching devices in distribution networks with DG sources is 
the main objective of this paper. In this paper a graph-theory 
and improved genetic algorithm based method is employed to 
solve the optimization problem in reliability improvement of 
distribution networks. 
The possible investment cost for switches is restricted by 
the funds of energy suppliers and it is impossible to spend 
more money in the specified fields. In practice, the money 
which will be spent in installing news switches is limited, 
therefore, the number of switches which will be installed in 
the network can be found easily. The proposed method finds 
the best locations of the switches in the network for a given 
number of switches according to the reliability improvement 
and other constraints. Graph-theory and spanning tree based 
portions of the method find the acceptable configuration of 
switches in the network and the improved genetic algorithm is 
implemented to find the optimal locations of the switches. 
Genetic algorithm has been widely used in power system 
optimization problems. It is proven that GA is a practical 
method in solving reliability and distribution system problems 
such as the problem of optimal switching device placement 
[4], [5]. Other optimization tools have been also implemented 
in some relevant works. A method based on the optimization 
technique of simulated annealing is presented in [6], which is 
proposed to determine the number of sectionalizing switches 
and the locations of the switches in distribution networks. In 
[7] a procedure based on Bellmann’s optimality principle 
yields the optimal solution for optimal sectionalizer allocation 
in distribution networks in a short period of time. In [8], the 
immune algorithm (IA) is proposed to derive the optimal 
placement of switching devices by minimizing the total cost of 
customer service outage and investment cost of line switches. 
particle swarm optimization (PSO) based method is presented 
to determine the optimum number and locations of two types 
of switches (sectionalizers and breakers) in radial distribution 
systems in [9]. Optimal allocation of remote-controlled switch 
devices is also an important issue which is discussed in [10]. 
In most researches on distribution systems, the effect of 
distributed generation sources is not fully considered and only 
a few papers have considered the effect of DGs in the problem 
of switch placement. In [11] switch placement schemes are 
proposed to improve system reliability for radial distribution 
systems with distributed generation (DG). Most of these 
articles try to find the proper number and also optimal 
locations of switches in the network, result in a huge search 
space then the results may not be the global optimum as can 
be seen in the results given in [6], [9]. The results of these two 
papers propose different number and configuration of switches 
in a same test system. 
In practice the investment cost is limited so the number of 
installable switches is known. The proposed method is very 
efficient in finding the global optimum since it searches in a 
smaller search space. This paper employs genetic algorithm as 
the main optimization tool while special GA operators have 
been used to match the objectives of the proposed method. In 
addition, the implementation of graph theory in the case of 
spanning tree based breath first search algorithm makes the 
method much more efficient in finding the global optimum 
solution. The method is simulated on two test systems; first on 
a simple real test system and then on a distribution system 
connected to Bus 4 of the RBTS [12]. The results for these test 
systems are provided in sections 5 showing the effectiveness of 
this approach. 
II. GA OPTIMIZATION TOOL 
In this section the description of GA basic operators used in 
this paper is provided. Genetic operators provide the basic 
search mechanism for GA. The operators are used to create 
new solutions based on existing solutions in the population. 
Crossover produces new chromosomes using the information 
contained in the parents. Like its counterpart in nature, 
crossover produces new individuals that have some parts of 
both parent’s genetic material. In natural evolution, mutation 
is a random process where one gene of a chromosome is 
replaced by another to produce a new genetic structure. In GA, 
mutation is randomly applied with low probability and 
modifies elements in the chromosome and usually considered 
as a background operator. In this research, the "roulette wheel 
selection method" is used to select new population individuals. 
It involves spinning roulette wheel that each chromosome 
occupies an area of the wheel equal to the total fitness of 
chromosome. In the procedure the probability of selection is 
set to 0.4 and to increase the effectiveness of GA search, the 
selection process includes elitism and poor child selection 
from the feasible population. 
In this paper special crossover and mutation operators are 
designed to guarantee the proper and feasible solutions in GA 
process while the probabilistic nature of them is preserved. The 
binary coding method for solving the optimal switch allocation 
problem is shown in Fig. 1. Each chromosome or solution is a 
vector with binary entry. The length of the chromosome vector 
is equal to the sum of candidate switches which is the same as 
the number of feeder sections. Switch string includes set of 
ones that number of the "1" is equal to the number of switches. 
In fact during simulation process the sum of the "1" in each 
chromosome is constant and is equal to the initial given 
number of installable switches. In Fig. 1 the mutation is chosen 
such that equation (1) is satisfied. For example suppose that the 
chromosome in Fig. 1 is selected for mutation and the altered 
genes are within the ellipse. This means that the vector "10110" 
should be changed for mutation. In this case for satisfaction of 
the condition, the number of the "1" should not be changed; 
hence this vector can be replaced by "10101" for example. In 
both vectors the number of the "1" is equal to 3. The same 
method is used for crossover operator construction such that 
the number of "1" remains unchanged during this operation 
which is illustrated in Fig. 2. This is a key and important fact 
which is considered in this stage of solution for GA 
optimization as special operators. Besides, if the planning 
engineers decide to preserve some of the existing switches, 
their corresponding genes in the chromosomes are fixed to "1" 
during simulation period. 
 
Figure 1. Design of chromosome and mutation 
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Where: 
N  : The number of selected switches 
S  : The initial number of possible installable switches 
"1" : Selected switch indicator 
 
Figure 2.  Design of crossover operator 
Other limitations also affect the optimization process by 
considering constraints of DG sources. In this case, invalid 
solutions produced during the GA evolution must be discarded 
from the population in each step which is a complicated 
process and will be described in following sections. 
III. GRAPH THEORY AND SPANNING TREE 
A connected undirected acyclic graph is called a tree. 
Spanning tree is a tree that is subgraph of graph G and 
contains every nodes of G. The spanning tree connects all 
nodes of a network to each other preserving the tree 
characteristics of the network. It can be started from one node 
of the network and expanded to all nodes to connect all the 
nodes preserving tree characteristics of the network [13].  
A spanning tree based breath first search algorithm is used 
in many parts of the proposed method. It is implemented in 
determination of the configuration of whole system. Also, it is 
used in finding the configuration of switches and their 
correspondent buses and lines in every iteration of GA process 
to evaluate the validity of produced solutions. Implementation 
of this method in the evolution of GA process guarantees the 
feasibility of answers in each generation and accordingly 
achieving the final global optimum solution will be much more 
accurate and faster. 
IV. OPTIMAL SWITCH PLACEMENT 
In this section the mathematical description of optimal switch 
allocation problem for reliability improvement in distribution 
networks with distributed generation is presented. The cost 
function for solving the reliability improvement problem is 
defined by equation (2) which must be minimized and the GA 
is applied to maximize the fitness function defined by equation 
(3) accordingly. 
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The variables used in problem formulation are: 
 
NC  number of contingencies 
NL  number of load points that are isolated due 
to contingency j  
kjL  load at load point k due to contingency j  
jr  average outage time of contingency j  
jλ  average failure rate of contingency j  
)( jjk rC  Outage cost ($/KW) of load point k due to 
outage j  with an outage duration of jr  
ECOST  Expected Interruption Cost  
F  fitness function which must be maximized 
during the GA optimization process 
In the proposed solution algorithm, first the system is 
initialized as a graph and because of the radial structure of the 
distribution systems, the obtained graph has the characteristics 
of a tree. This spanning tree contains every nodes and branches 
(lines) of the system as a detailed graph. After this initialization 
process the startup population for the GA process will be 
obtained. There are many constrains in organizing valid 
members of the population and breath first search algorithm is 
a key point in this step of the process. Each chromosome of the 
population is generated in a random process then it is evaluated 
to verify if it is valid or not. In this process breath first search 
method is implemented to form a spanning tree of switches. In 
this tree switches are considered as main nodes and branches 
contain the nodes and lines of the system between two 
switches. This process results in a complex mathematical tree, 
but makes the chromosome validation process and fitness 
function calculation much easier and faster. 
A major problem in this step of solution is finding the load 
points, lines, and next switches at the downstream side of a 
certain switch which are needed in problem formulation. After 
a chromosome is produces, the breath first search algorithm 
acts as a useful tool in finding the required information 
mentioned before. Having this data in hand, it is easy to find 
the DG sources and then to solve the equations (4)-(7). 
Besides, the load points and lines that are at the downstream 
side of a certain switch and also which are in section limited 
among switches are of importance in the validation process of 
chromosomes and also in calculating the fitness function. 
These lines and switches can be defined as vectors so they 
can be used in the necessary mathematical formulations. The 
nodes (buses) after a certain switch can be defined as { }nba BsBsBs ,...,, , where iBs represent the node i  which is at 
the downstream side of that certain switch, and  { }mba LnLnLn ,...,,  defines the lines after that switch where 
iLn is the line i  which is at the downstream side of that 
switch. The vector { }mba SwSwSw ,...,,  describes the switches 
after a certain switch where iSw  indicates the switch i  which 
is at the downstream side of that switch. Having these vectors 
for each switch, the lines and buses in a section limited among 
the closest switches can be defined. A sample for this section is 
illustrated in Fig. 3. 
 
Figure 3. A sample of sections limited among the switches 
 
The switch graph contains the information as below: 
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The variables in formulations above are defined as: 
 
iSL  total amount of load at the downstream side of 
switch i  
i
NSL
 
number of load points at the downstream side 
of switch i  
kiLd  amount of load at k  th load point at the 
downstream side of switch i  
iSFL
 
total amount of load in a section between 
switch i and next switches 
i
NSL
 
number of switches at the downstream side of 
switch i  
ja  j th switch at the downstream side of switch i  
jaNSL
 
number of load points at the downstream side 
of switch ja  
jmaLd
 
amount of load at m th load point at the 
downstream side of switch ja  
iSG  total amount of DG at the downstream side of 
switch i  in MW 
i
NSG
 
number of DG sources at the downstream side 
of switch i  
kiDg
 
amount of DG at k th point of DG sources at 
the downstream side of switch i  
iSFG
 
total amount of DG in a section between switch 
i and next switches 
jaNSG
 
number of DG sources at the downstream side 
of the switch ja  
jmaDg
 
amount of DG at m th point of DG sources at 
the downstream side of switch ja  
The next step is to validate a produced chromosome. In this 
step the number of ones in the chromosome is checked to see if 
it is changed, then if it remains the same as its initial value the 
fixed switches are checked if there are any preinstalled 
switches in the network to heck if they are preserved in the 
chromosome or not. Then a very important evaluation step 
indicates by having DG sources in the distribution systems. For 
every switch in the chromosome, if 0>iSFG then 
ii SFLSFG > must be satisfied otherwise the chromosome is 
not valid because in this case DG supported islands can not be 
formed in possible faults. This is a key point that must be 
considered in placing switches in the network such that the DG 
sources can support their sections in islanded distribution 
systems in possible outages at other parts of the network. 
After this multistep evaluation process on the 
chromosomes, the fitness function is calculated for every valid 
chromosome considering the effect of DG sources on the 
fitness function. Practically, DGs affect the validity of 
chromosomes along with the calculated fitness function for the 
valid chromosomes. This process is repeated in every iteration 
of GA evolution until the GA ending constraints are satisfied. 
At the end of this complex solution method, the best locations 
of switches in the network are defined such that the highest 
reliability index is achieved. The flowchart of the proposed 
algorithm is illustrated in Fig. 4. 
 
 
Figure 4.  Flowchart of the proposed solution algorithm 
 
V. SIMULATION RESULTS 
To show the feasibility of the solution, the proposed 
algorithm is applied on two test systems. One is a simple real 
one feeder distribution system and the second is the modified 
version of bus 4 of RBTS. The system data of the first test 
system is presented in Table I and II. 
TABLE I.  TEST SYSTEM 1 BUS DATA 
Bus No. Average Load 
Load 
Priority Bus No. 
Average 
Load 
Load 
Priority 
1 0 0 10 0.69 1 
2 0.41 1 11 0.18 1 
3 0.68 2 12 0.31 2 
4 0.1 3 13 0.56 3 
5 0.23 3 14 0.72 1 
6 0.7 1 15 0.37 2 
 
In Table I the data of system buses in first test system is 
provided. The load priority is an index which determines the 
actual priority of each load and is considered in the fitness 
function. Line data of this system is provided in Table II where 
the start bus, end bus, and the length of each line section are 
determined. This test system is a simple radial distribution 
feeder (as Fig. 3) where bus no. 1 is the source bus which is 
connected to HV substation and the system has an initial circuit 
breaker at the start of line no. 1. 
TABLE II.  TEST SYSTEM 1 LINE DATA 
Line 
No. 
Start Bus 
No. 
End bus 
No. 
Line 
Length 
Line 
No. 
Start Bus 
No. 
End bus 
No. 
Line 
Length
1 1 2 0.2 10 9 11 0.35 
2 2 3 0.3 11 9 13 0.2 
3 3 4 0.1 12 11 12 0.1 
4 4 5 0.14 13 13 14 0.1 
5 4 6 0.4 14 13 15 0.1 
6 6 7 0.5 15 14 17 0.2 
7 6 8 0.7 16 15 16 0.1 
8 3 9 0.1 17 17 18 0.3 
9 9 10 0.24     
 
In this system the average failure rate of lines is considered 
as 0.1 outage per kilometer per year. An average outage cost is 
designated for an average outage time in the system and then 
the load priority acts as a correction factor for this outage cost 
of each load in calculation of the fitness function. The proposed 
algorithm is simulated on this system in three different 
conditions. First, the best locations for placing switches in this 
system are determined for the case there is no DG source in the 
system for three installable switches in the network, then the 
same scenario is considered while there is one 1.7 MW DG 
source located in bus no. 6 and finally in a case while there are 
2 DG sources in the network, a 1.7 MW in bus no. 6 and a 2 
MW DG source in bus no. 14. Results of best locations for 
switches in this system in these three conditions are presented 
in Table III. 
TABLE III.  OPTIMAL SWITCH LOCATIONS FOR 3 INSTALLABLE SWITCHES 
System Condition Switch Locations 
on Line  
Yearly ECOST 
($/year) 
No DG 3, 10, 11 2423.2 
One DG Source 5, 10, 11 2209.8 
Two DG Sources 5, 8, 13 1760.7 
 
It can be inferred from Table III that DG sources have a 
considerable effect on optimal switch placement problem. 
Locations of switches in the network are dependent to the 
locations of DG sources if there are any. The reliability indices 
such as ECOST are also affected while considering DG in 
distribution systems. Placing the switches in proper places in 
networks according to the locations of DG sources reduces the 
ECOST of the system and then system reliability is increased. 
The test system above and its results show the feasibility of 
the proposed method. To examine the applicability of the 
algorithm, it is also applied to a more complex system. The 
second test system is a typical urban type configuration 
consisting of residential, commercial and small user customers 
and is connected to bus 4 of the RBTS. System data, customer 
data, and outage data are given in [12]. This system consists of 
70 nodes and 38 load points while there are 67 possible switch 
locations in the system. Different load types have different 
outage costs which must be considered in the calculation of 
system ECOST. Here, as a modification a priority factor is 
given to each load type where the priority factor is 2 for small 
user loads, 3 for residential loads, and 4 for commercial load 
types. For an average outage time of loads, an average outage 
cost for 1 MW during this outage time is calculated so the real 
outage cost of each load can be easily determined. Considering 
these load priority factors causes the high priority loads to be 
supplied by DG sources in self supported islands after possible 
fault. 
Additionally, other assumptions are applied to the current 
test system as below: 
1) All switches are assumed to have zero failure rates so, 
only failures associated with transmission lines are 
considered in the analysis.  
2) The system is considered in its radial condition. 
3) The main feeder breakers are installed at the start point 
of each feeder. 
4) All switches are remote-controlled sectionalizers with 
protection units and can be installed at the start point of 
all line sections of the system. 
5) Time between fault detection and system 
reconfiguration by applying switching tactics is 
practically short. 
At the first step, the proposed algorithm is applied on the 
test system in its initial condition while there is no DG in the 
system. In this condition, after occurring of possible faults and 
finding the fault locations, the appropriate switch is opened so 
that the maximum number of loads can be supplied by the main 
feeder and there is no alternative supply or DG to form self 
supported islands in the system. The algorithm is applied on 
the system while there are limited numbers of installable 
switches according to investment cost limitation and the 
algorithm is converged to its final state and finds the best 
locations for placing the switches in the network to minimize 
the system ECOST and increase the reliability. This algorithm 
is applied on the system while there are 10 switches that can be 
installed in the network and the result is illustrated in Fig. 5. 
 
Figure 5.  The results for optimal solution with 10 installable switches in the 
network with no DG 
 
The optimal locations of switches in this condition show 
the effect of load priority and also outage rate of transmission 
lines on the final result. The method tries to put the proposed 
switches in the places where the loads have the higher priority 
so the isolation of these loads during possible faults at other 
parts of the system, can be performed by applying switching 
tactics. 
At the second step, the proposed algorithm is applied on the 
test system while there is a DG source in the system. In this 
condition, when a fault occurs in the system and fault location 
is determined, the appropriate switches are opened so that the 
maximum number of loads can be supported by the main 
feeder and the distributed generator in DG supported island of 
the system. The algorithm pretends to find the best locations of 
switches in the network so this kind of islands can be formed in 
the network and the maximum number of loads can be supplied 
by the DG source, considering the load priority factor. In this 
condition there is a DG Source at the bus 73 which also 
consists of a commercial load. The load at this bus is 0.415 
MW and the DG source has the production capability of 1 
MW. There are still 10 installable switches in the network and 
the proposed algorithm finds the best location for installing 
these switches on the network considering the DG source. Fig. 
6 shows the result of optimal switch placement in this 
condition. 
 
Figure 6.  The results for optimal solution with 10 installable switches with 
one DG source 
It can be inferred from Fig. 6 that considering the DG 
source in the solution algorithm has an important effect on 
finding the proper locations for installing switches in 
distribution networks. The configuration of switches in this 
network allows the system to be formed as an islanded 
distribution system after possible faults. For instance, if a fault 
occurs in any location between bus 6 and bus 69 the 
configuration of switches allow the loads at bus 72 and 73 to 
survive in an islanded DG supported system and this helps to 
improve the system reliability and supporting maximum 
number of loads by main feeder or the DG source. 
To show the feasibility of proposed algorithm, it is applied 
on the test system while there are two DG sources in the 
network. This is a much more complicated case and requires 
more computational efforts. In this case, when a fault occurs in 
the system the fault location is isolated such that maximum 
number of loads can be supplied by the main feeder. Besides, 
the system tries to support the maximum possible number of 
loads in two DG supported islands without exceeding the 
production limit of distributed generators. Therefore, switch 
placement problem is organized to find the best places for 
installing the switches in distribution networks with distributed 
generation. 
The algorithm is applied on the same test system while 
there are two DG source in the network. One is considered at 
the bus 73 and the other at the bus 42. Bus 73 has a 0.415 MW 
commercial load and bus 42 consists of a 0.545 MW residential 
load. There is a 1 MW DG source on bus 73 and a DG source 
with production capability of 1.3 MW is considered on bus 42. 
Same as the other cases of applying the algorithm on the 
current test system, there are 10 installable switches in the 
network and the proposed algorithm finds the optimal locations 
for placing these switches on the system considering these two 
DG sources. The result of optimal switch placement in this 
condition is illustrated in Fig. 7. 
The results demonstrate the complexity of problem while 
there are many DG sources in the system. The presence of 
distributed generators, forces the algorithm to configure the 
switches such that the DG supported islands can be formed 
after possible faults in the system. According to Fig. 7 the 
optimal configuration of switches in this network allows the 
system to form islanded DG supported distribution system after 
possible faults. It can be seen if a faults occur in the system, 
bus no. 71, 72 and 73 can create an island which consists of 
two load points and a distributed generator and also, bus no. 
41, 42, and 43 can form another DG supported island in 
possible system outages. This procedure has a considerable 
effect on distribution system reliability indices and ECOST 
respectively. To show the effect of distributed generators and 
the configuration of switches in the system according to the 
locations and sizes of DG sources on the system ECOST, the 
results of optimal switch allocation in this system in mentioned 
three conditions are presented in Table IV where switch 
locations represent lines that switches are installed on 
according to line numbering in [12]. 
 
Figure 7.  The results for optimal solution with 10 installable switches with 
two DG sources 
 
It can be inferred from Table IV that having distributed 
generators in the network and proper placement of switches, 
reduces the system ECOST and the system reliability is then 
increased. 
TABLE IV.  OPTIMAL SWITCH LOCATIONS FOR 10 INSTALLABLE 
SWITCHES 
System 
Condition 
Switch Locations on Line  Yearly ECOST 
($/year) 
No DG 7, 20, 22, 26, 35, 36, 39, 57, 59, 63 185410 
One DG 
Source 
5, 10, 15, 20, 26, 36, 41, 
57, 62, 63 173370 
Two DG 
Sources 
2, 4, 5, 10, 20, 26,   36, 
41, 60, 63 170430 
 
To show the performance of the proposed algorithm, the 
trajectory of best solution for the second test system with two 
DG sources at any iteration of GA is shown in Fig. 8. It is 
necessary to guarantee robustness of the global optimum 
solution; therefore, the simulation is repeated so many times 
with different probability of GA operators and different GA 
termination criteria. In all of the running cases the observed 
results of the optimization problem are the same considering 
minimum of 200 iterations. 
 
Figure 8.  Trajectory of best solution of GA 
VI. CONCLUSION 
In this paper a new method based on graph theory and 
improved genetic algorithm is presented to solve the problem 
of optimal switch placement in distribution networks with 
distributed generation. A spanning tree based breath first search 
algorithm is used to simplify the problem by modeling of 
different parts of the system as graphs. The proposed algorithm 
uses a modified and improved genetic algorithm for the 
optimization purpose. In practice the investment cost is limited 
and certain therefore, the number of switches that can be 
installed in the system is known. The algorithm finds the best 
locations of switches in distribution networks for a known 
number of installable switches and the GA searches for the 
results in a smaller search space. The approach is simulated and 
tested on two test systems; first, on a simple test system and 
then on a more complicated system. It is tested in three cases 
for each test system. First, in a case there is no DG in the 
networks, then, in a case there is a DG source in the systems 
and finally, where there are two distributed generators in the 
networks. Results of these different cases on both test systems 
show the importance of considering DG sources in finding the 
best locations for installing the switches in distribution 
networks. By placing the switches in the proper locations 
according to the locations of distributed generators, the system 
can be formed as DG supported islands after possible faults and 
this will result in much reduction in system ECOST and then 
the system reliability is increased respectively. 
REFERENCES 
 
[1] R. Billinton, , and R. N. Allan, Reliability Evaluation of Power Systems, 
Pitman, London, 1984 
[2] G. Kjolle, , L. Rolfseng, , and E. Dahl, “The economic aspect of 
reliability in distribution system planning,” IEEE Trans. on Power 
Delivery, vol. 5, no. 2, pp. 1153-1157, 1990.  
[3] L. J. Powell, “An industrial view of utility cogeneration protection 
requirements,” IEEE Trans. on Industrial Applications, vol. 24, no. 1, 
pp. 75–81, Jan./Feb. 1988. 
[4] G. Levitin, S. Mazal-Tov, and D. Elmakis, “Optimal sectionalizer 
allocation in Electric distribution systems by genetic algorithm,” Elec. 
Pow. Sys. Res., vol. 31, pp. 97–102, 1994.  
[5] G. Levitin, S. Mazal-Tov, and D. Elmakis, “Genetic algorithm for 
optimal sectionalizing in radial distribution systems with alternative 
supply,” Elec. Pow. Sys. Res., no. 35, pp. 149-155, 1995.  
[6] R. Billinton, , and S. Jonnavithula, “Optimal switching device placement 
in radial distribution systems,” IEEE Trans. on Power Delivery, vol. 11, 
no. 3, pp. 1646–1651, 1996.  
[7] G. Celli, , and F. Pilo, “Optimal Sectionalizing Switches Allocation in 
Distribution Networks,” IEEE Trans. on Power Delivery, vol. 14, no. 3 
pp. 1167–1172, 1999,.  
[8] C. Chen, etc al. “Optimal Placement of Line Switches for Distribution 
Automation Systems Using Immune Algorithm,” IEEE Trans. on Power 
Sys., vol. 21, no. 3, pp. 1209–1216, 2006.  
[9] A. Moradi, , and M. Fotuhi-Firuzabad, “Optimal Switch Placement in 
Distribution Systems Using Trinary Particle Swarm Optimization 
Algorithm,” IEEE Trans. on Power Delivery, vol. 23, no. 1, pp. 271–
279, 2008.  
[10] P. M. S. Carvalho, , L. A. F. M Ferreira, and A. J. C. da Silva, “A 
decomposition approach to optimal remote controlled switch allocation 
in distribution systems,” IEEE Trans. on Power Delivery, vol. 20, no. 2, 
pp. 1031–1036, April 2005.  
[11] Y. Mao, , and K. N. Miu, “Switch Placement to Improve System 
Reliability for Radial Distribution Systems with Distributed 
Generation,” IEEE Trans. on Power Sys., vol. 18, no. 4, pp. 1346–1352, 
November 2003. 
[12] R. Billinton, , and I. Sjarief, “A reliability test system for educational 
purposes - basic distribution system data and results,” IEEE Trans. on 
Power Sys., vol. 6, no. 2, pp. 813–820, 1991. 
[13] Chachra, P. M. Ghare, , and J. M. Moore, Applications of Graph Theory 
Algorithms, Elsevier, North Holland, 1979. 
 
 
